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Arrangement of a two stage turbocharger system for an inter-
nal combustion engine including an intake mamfold and an
exhaust manifold, including a low-pressure turbocharger, a
high-pressure turbocharger and a bypass duct 1n flow com-
munication with an outlet of the low-pressure compressor, an
inlet of the high-pressure compressor, an outlet of the high-
pressure compressor and an inlet of the intake manifold. The
bypass duct includes a first bypass valve for opeming and
closing the bypass duct. The first bypass valve and the high-
pressure compressor are accommodated within a common
housing.
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ARRANGEMENT OF A TWO STAGE
TURBOCHARGER SYSTEM FOR AN
INTERNAL COMBUSTION ENGINE

CROSS-REFERENCE TO RELATED D
APPLICATION

This application claims priority to European Application
No. EP 0710850.0, filed Jan. 31, 2007, which 1s hereby incor-
porated 1n 1ts entirety by reference.

10

TECHNICAL FIELD

The invention generally relates to a turbo charger, and more
particularly, relates to an arrangement of a two stage turbo-
charger system for an internal combustion engine.

15

BACKGROUND

20
A two stage turbocharger system typically includes a small

high-pressure turbocharger and a larger low-pressure turbo-
charger. A two stage turbocharger system may be used with an
internal combustion engine of a vehicle 1n order to improve
engine performance, for example, by providing higher torque 55
at low speeds or to reduce turbo lag.

A two stage turbocharger system of an internal combustion
engine 1s typically driven by the exhaust gases. Various lay-
outs of two stage turbocharger systems as well as various

methods of operating the two stage turbocharger systems are 30
known, for example from U.S. Pat. No. 4,930,315 and U.S.

Pat. No. 6,981,375.

To lower exhaust emissions, particularly of vehicles, in
order to meet ever more stringent environmental standards, a
particle filter and/or oxidation catalyst may be provided 35
which are in flow communication with the exhaust gases
generated by the engine. It 1s known to provide an oxidation
catalyst close to the engine and an underfloor particle filter.
However, a vehicle equipped with such an engine has an
undesirably low performance and loss of heat when the par- 40
ticle filter 1s regenerated.

It 1s an object of the invention to provide an arrangement of
a two stage turbocharger for an internal combustion engine so

as to icrease the performance and lower the emissions of the
engine. 45

SUMMARY

The 1nvention provides an arrangement of a two stage
turbocharger system for an internal combustion engine com- 50
prising an intake manifold and an exhaust manifold which
comprises a low-pressure turbocharger comprising a low-
pressure turbine and a low-pressure compressor, a high-pres-
sure turbocharger comprising a high-pressure turbine and a
high-pressure compressor, and a bypass duct. The bypass 55
duct 1s 1n tlow communication with an outlet of the low-
pressure compressor and with an inlet of the high-pressure
compressor and with an outlet of the high-pressure compres-
sor and with an inlet of the intake manifold. The bypass duct
comprises a {irst bypass valve for opening and closing the 60
bypass duct. The first bypass valve and the high-pressure
compressor are accommodated within a common housing.

The arrangement of the first bypass valve and the high
pressure compressor within a common housing has the
advantages that the number of joints of the turbocharger sys- 65
tem 1s reduced 1n comparison to an arrangement 1n which the
high-pressure compressor 1s accommodated 1n a first housing,

2

and the bypass valve 1s accommodated within a second hous-
ing which 1s separate from the first housing.

The arrangement of a common housing for the high-pres-
sure bypass valve and the high-pressure compressor has the
turther advantage that, due to the reduced number of joints
and 1nterfaces 1n the system as a whole, the risk of leakage 1s
reduced. Since sealing of the joints 1s difficult to maintain
over the total lifetime of the engine, the rehability of the
engine in creased by eliminating some of the interfaces. This
arrangement also provides a more compact layout thus saving
valuable space within the space available.

The first bypass valve may also be denoted as a high-
pressure compressor bypass valve and may be positioned in
the housing or cover of the high-pressure compressor.

Additionally, the number of parts of the engine and the
number of machined surfaces i1s decreased due to the common
housing so that manufacturing costs as well as assembly costs
of the engine are reduced and part quality 1s increased.

The first bypass valve, when 1n the closed position, 1s
adapted so as to direct air from the outlet of the low-pressure
compressor to the inlet of the high-pressure compressor and
from the outlet of the high-pressure compressor to the inlet of
the itake manifold. The air may be denoted as intake arr.
Consequently, when the first bypass valve 1s 1n the closed
position, the intake air 1s compressed by the high-pressure
compressor before being supplied to the intake manifold of
the engine.

The first bypass valve 1n the open position 1s adapted so as
to direct air from the outlet of the low-pressure compressor to
the inlet of the intake manifold. In the open position, the
intake air bypasses the high-pressure compressor and 1s com-
pressed only by the low-pressure compressor.

In a further embodiment, substantially no air 1s directed
through the high-pressure compressor when the first bypass
valve 1s open. This can be achieved without provided a further
valve to seal the inlet to the high-pressure compressor by
providing the bypass duct and connections between the low-
pressure compressor, the bypass duct and the intake manifold
with a greater diameter or cross-sectional area than the con-
nections into the high-pressure compressor.

In a further embodiment, the common housing further
comprises the bypass duct in addition to the bypass valve. The
bypass duct and bypass valve may be arranged in a housing
common to the housing of the high-pressure compressor. The
bypass duct comprises an inlet adapted to be 1n flow commu-
nication with the outlet of a low-pressure compressor, and an
outlet adapted to be 1n flow commumnication with the inlet of
an intake manifold. The first bypass valve 1s positioned
between the inlet and the outlet of the bypass duct. The nlet
of the high-pressure compressor 1s 1n flow communication
with the bypass duct upstream of the first bypass valve and the
outlet of the high-pressure compressor 1s 1n flow communi-
cation with the bypass duct downstream of the first bypass
valve.

The arrangement of the first bypass valve 1n relation to the
inlet and outlet of the high-pressure compressor allows the
first bypass duct to provide the air flows as described above
when 1n the open and closed position.

In a first embodiment, the inlet of the bypass duct 1s gen-
crally orthogonal to the inlet of the high-pressure compressor.
In a further embodiment, the 1nlet of the bypass duct 1s gen-
erally orthogonal to the outlet of the high-pressure compres-
sor. This enables a compact arrangement of the housing and,
as 1s described later, an advantageous arrangement of the air
connection pipe from the low-pressure compressor to the ilet
of the bypass duct of the common housing.
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The first bypass valve may be pneumatically actuated or
clectrically actuated or hydraulically actuated or automati-
cally check valve actuated. In further embodiments, the first
bypass valve 1s controllable 1n response parameters compris-
ing at least those of engine speed and engine load. In this
sense, controllable 1s used to denote the opening and closing
of the first bypass valve. The bypass valve may, therefore be
opened or closed depending on the engine speed. The bypass
valve may be closed at low speeds and low engine loads so
that only the high-pressure compressor supplies compressed
air to the intake manifold and may be opened at higher speeds
and higher loads so that only the low-pressure compressor
supplies compressed air to the intake manifold, for example.

The common housing which accommodates at least the
bypass valve and high-pressure compressor of the high-pres-
sure turbine may provided as a single piece. The common
housing may comprise aluminium or an aluminium alloy, for
example though materials capable of withstanding the oper-
ating conditions for the required lifetime of the part may also
be used.

The arrangement of the two-stage turbocharger, in an
embodiment, further comprises a pipe. The outlet of the low-
pressure compressor 1s coupled to a first end of the pipe by a
free-floating interface and the inlet of the high-pressure com-
pressor 1s coupled to a second end of the pipe by a second free
tfloating interface.

The free-floating interfaces have the advantage that the
tolerance of the pipe to movement caused by thermal expan-
s10n 1s improved. Consequently, the use of a flexible elements
such as a flexible pipe to compensate for thermal expansion
movement between the low-pressure compressor and the
bypass duct 1s avoided. The pipe may, therefore, be ngid.

In an embodiment, the first free floating interface and the
second Iree floating interface are adapted to accommodate
movement between the pipe and the outlet of the low-pressure
compressor and the inlet of the high-pressure compressor 1n
two or more directions. This may be provided by arrangement
the interfaces generally orthogonal to one another. The
arrangement of the two different angles of the free tloating
interfaces turther improves the tolerance of the pipe to move-
ment caused by thermal expansion.

The invention also provides an internal combustion engine
comprising a plurality of cylinders, an intake manifold and an
exhaust manifold and an arrangement of a two stage turbo-
charger according to one of the embodiments previously
described.

The mnternal combustion engine may be adapted to run on
one or even more than one of a number of different fuels. For
example, the internal combustion engine may be adapted to
run on diesel, gasoline, or Biofuels such as ethanol, 1n par-
ticular ethanol 85, or mixtures of fuels such as a mixture of
gasoline and ethanol.

The low-pressure turbine and the high-pressure turbine
may be driveable by exhaust gases from the engine. In this
case, the low-pressure turbine and the high-pressure turbine
may be in flow-communication with the exhaust manifold.

The internal combustion engine according to one of these
embodiments may further comprise a second bypass valve for
directing the flow of exhaust gases to the low-pressure turbine
and the high-pressure turbine. This enables the high-pressure
valve and low-pressure valve to be driven independently of
one another or simultaneously.

The second bypass valve may be adapted to direct the
proportion of exhaust gases between the low-pressure turbine
and the high-pressure turbine 1n response to the number of
revolutions per minute of the engine. Thus the turbocharger
which 1s driven by the exhaust gases may be selected in
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response to engine speed. For example, only the high-pres-
sure turbine may be driven at low speeds and only the low-
pressure turbine may be driven at hugh speeds.

In a further embodiment the first bypass valve and the
second bypass valve are operable in response to the engine
speed so as to provide a highly response turbocharger system
to improve both the efficiency as well as performance of the
engine. If the engine 1s supplied 1n a vehicle the drivability of
the vehicle may be improved.

In a further embodiment, the outlet of the high-pressure
turbine and of the low pressure turbine 1s 1n tlow communi-
cation with emission after treatment apparatus. The emission
alter treatment apparatus may be provided by an oxide cata-
lystand a particle filter, a particle filter and a Lean NO_ trap or
a UREA controlled NO, reduction system or a three-way
catalytic converter.

The type of emission after treatment apparatus may be
selected depending on the fuel on which the engine 1s run as
well as the emission after treatment which 1s desired or
required by local laws. For example, a gasoline engine may
comprise emission after treatment apparatus 1n the form of a
three-way catalytic converter. A diesel engine may be
equipped with emission after treatment apparatus comprising
at least an oxide catalyst and a particle filter or with a particle
filter and a Lean NO,__trap, for example.

The particle filter may be a close coupled diesel particle
filter. Since the common housing provided for the first bypass
valve and high-pressure compressor 1s compact, space 1s
freed up close to the outlet of the turbines of the two-stage
turbocharger enabling a close coupled diesel particle filter to
be accommodated.

Some two stage charging systems for internal combustion
engines have a close coupled catalyst combined with an
undertloor diesel particle filter. Future applications as well as
some current vehicle platforms mean that packaging of the
undertloor diesel particle filter 1s difficult. To solve this prob-
lem, 1t 1s known to use a close coupled diesel particle filter in
combination with the catalyst. However, 1t 1s difficult to
accommodate a close coupled diesel particle filter for two-
stage charging systems due to both the design of the two stage
system, with one turbocharger above the exhaust manifold
and a second turbocharger below the exhaust mamifold, and
the space available at the exhaust side of the engine.

By positioning the high-pressure compressor bypass valve
within a housing which 1s common to the housing of the
high-pressure compressor, space can be saved, making the
system more compact and allowing the use of a close coupled
diesel particle filter with the two-stage turbocharger.

Additionally, the air routing 1s simplified and the pluming
of the intake air 1s reduced. By replacing a separate compres-
sor bypass valve housing with an integrated compressor hous-
ing and bypass valve unit in the high-pressure compressor
cover, several joints 1n the air routing system can be elimi-
nated. The benefits of this integration are a compact layer and
less packaging problems, fewer interfaces and thereby a
reduced risk of leakage and a reduced number of parts and
machine surfaces which reduces the cost.

The air connection between the low-pressure compressor
outlet and the common housing accommodating the high-
pressure compressor and bypass valve 1s also improved by
arranging the pipe connection between them to be free-tloat-
ing at both ends and, 1n a further improvement, 1n two differ-
ent angles as well. This enables the air connection between
the low-pressure compressor outlet and the inlet of the com-
mon housing of the high-pressure compressor and bypass
valve to tolerate movement by thermal expansion without the
use of a tlexible unit.
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The invention also provides a housing for a two stage
turbocharger system for an internal combustion engine. This

housing may be suitable for use 1n the arrangement according,
to one of the embodiments described above. The housing
comprises a lirst cutout adapted to accommodate a high-
pressure compressor impeller of a high-pressure turbo-
charger, and a bypass duct. The first cutout 1s the high-pres-
sure compressor scroll. The bypass duct comprises an inlet
adapted to be 1n flow communication with an outlet of a
low-pressure compressor, an outlet adapted to be in flow
communication with an inlet of an intake manifold, and a
second cutout adapted to accommodate a bypass valve for
opening and closing the bypass duct. The first cutout 1s 1n flow
communication with the bypass duct at a {first position
upstream of the second cutout and at a second position down-
stream of the second cutout.

This arrangement of the second cutout for the bypass valve
in relation to the position of the inlet and outlet of the first
cutout for the mmpeller of the high-pressure compressor
enables the valve to act as a high-pressure compressor bypass
valve when the bypass valve and compressor 1s assembled in
the housing and this arrangement 1s part of a two stage turbo
charger.

The housing may be provided as a single piece and may
comprise aluminium or an aluminium alloy. The single piece
may be cast and machined or cast in approximately the
desired form and further worked to provide the exact dimen-
sions and/or surface finish.

In a further embodiment, the inlet of the bypass duct 1s
generally orthogonal to the first cutout. The second cutout 1s
adapted to recerve a flap valve 1if, for example, the bypass
valve 1s provided 1n the form of a flap valve.

The common housing may further comprising a second
outlet. This second outlet may be the outlet from the high-
pressure compressor. In an embodiment, the second outlet 1s
in flow communication with the first outlet within the hous-
ng.

In an alternative embodiment, the second outlet 1s separate
from the first outlet within the housing and the first and
second outlets are 1n tloe communication at a position outside
of the housing.

The housing may also be provided as part of an assembled
sub-assembly for use 1n a turbocharger, a two-stage turbo-
charger as well as an engine or vehicle comprising the turbo-
charger or two-stage turbocharger.

The invention also provides a turbocharger comprising a
turbine and a compressor impeller drivable by rotational
movement of the turbine, characterized by a housing accord-
ing to one of the embodiments described.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will hereinatter be described 1n con-
junction with the following drawing figures, wherein like
numerals denote like elements, and

FIG. 1 illustrates a system diagram of a two stage turbo-
charger system of an internal combustion engine 1n a first
operating condition;

FIG. 2 1llustrates a system diagram of a two stage turbo-
charger system of an internal combustion engine 1n a second
operating condition;

FIG. 3 1llustrates a system diagram of a two stage turbo-
charger system of an internal combustion engine 1n a third
operating condition;

FI1G. 4 1llustrates a three dimensional view of a portion of
an mternal combustion engine comprising an arrangement of
the two stage turbocharger system of FIGS. 1 to 3;
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FIG. § 1llustrates a cross-sectional view of a portion of the
two stage turbocharger system;

FIG. 6 illustrates an enlarged view of region D of FIG. 5;
and
FIG. 7 1llustrates an enlarged view of region C of FIG. 5.

DETAILED DESCRIPTION OF THE INVENTION

The following detailed description of the invention 1s
merely exemplary 1n nature and 1s not intended to limit the
invention or the application and uses of the mvention. Fur-
thermore, there 1s no intention to be bound by any theory
presented 1n the preceding background of the invention or the
following detailed description of the invention.

FIGS. 1 to 3 illustrate a system diagram of a two stage
turbocharger system 10 of an internal combustion engine 11
operating 1n three different conditions. The two-stage turbo-
charger system 10 1s illustrated in three-dimensional form 1n
FIG. 4 and 1n cross-section i FIGS. 5 to 7.

The internal combustion engine 11 includes an engine
block 12 with a plurality of cylinders 13. The 1llustrated
engine 1s a compression-ignition internal combustion engine
such as a diesel fuel engine. The two-stage turbocharger
system 1s not, however, limited for use with diesel engines and
may be used for engines running on fuels such as gasoline,
ethanol and mixtures of gasoline and ethanol, for example.
The cylinders 13 receive pressurized fuel from a fuel supply
in a known manner. The engine 11 includes an intake mani-
fold 14 and an exhaust manifold 15. The engine 11 1s a
turbocharged engine and includes a two stage turbocharger
system 10.

The two stage turbocharger system 10 includes a small
high-pressure (HP) turbocharger 16 and a large low-pressure
(LP) turbocharger 17 and has an arrangement such that either
the high-pressure turbocharger 16 or the low-pressure turbo-
charger 17 may operate alone or such that the high-pressure
turbocharger 16 and the low-pressure turbocharger 17 operate
together.

The low-pressure turbocharger 17 includes a turbine 18
with a turbine impeller (not 1llustrated) driven by exhaust gas
from the exhaust manifold 15 which 1s connected by a shaft
20 to a compressor impeller (not 1llustrated) of compressor
19. The compressor 19 has an inlet 21 receiving fresh intake
air and an outlet 22.

The high pressure turbocharger 16 includes a turbine 23
with a turbine impeller (not 1llustrated) driven by exhaust gas
from the exhaust mamifold 15 and a compressor 24 including
a compressor impeller (not 1llustrated) connected by a shatt
33 to the turbine impeller. The compressor 24 has an inlet 25
in flow communication with the outlet 22 of the low pressure
compressor 17 and an outlet 26 providing high pressure com-
pressed air to itake manifold 14.

The outlet 22 of the low-pressure compressor 19 1s 1n tlow
communication with the inlet 25 of the high-pressure com-
pressor 24 and by a bypass duct 27 with the intake manifold
14 ofthe engine 11. The bypass duct 22 comprises a first valve
28 which 1s a high-pressure compressor bypass valve. The
first valve 28 enables the compressed air from the low pres-
sure compressor 19 to be directed to the high-pressure com-
pressor 24 and/or the intake manifold 14.

The high-pressure compressor bypass valve 28 1s accom-
modated within the housing 29 of the high-pressure compres-
sor 24 of the high-pressure turbocharger 16. The housing 29
1s schematically 1llustrated 1n FIGS. 1 to 3 by the box 30 and
1s described 1n more detail 1n conjunction with FIGS. 4 to 7.

The turbine 18 of the low-pressure turbocharger 17 and the
turbine 23 of the high-pressure turbocharger 16 each have an
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inlet 31, 32 1n flow communication with an exhaust supply
duct 34 which 1s coupled to the exhaust manifold 15. The
exhaust supply duct 34 comprises a second bypass valve 35,
which 1s a high-pressure turbine bypass valve, which enables
the exhaust gas to be directed to the high-pressure turbine 23
and/or the low-pressure turbine 18. The exhaust gas exits the
low-pressure turbine 18 and the high-pressure turbine 23 by
outlets 36, 37 and through the emission after treatment appa-
ratus 38 which, in this embodiment, 1s an oxide catalyst and
particle filter accommodated within a single housing.

A three-dimensional view of the two stage turbocharger
system 11 1s illustrated in FIG. 4. FIGS. § to 7 illustrate
cross-sectional views of the housing 29. The housing 29 may
be formed from a single cast aluminium or aluminium-based

alloy block.

The high-pressure compressor bypass valve 28 and the
bypass duct 27 are integrated into the housing 29 of the
high-pressure compressor 24. This arrangement provides a
more compact layout thus saving valuable space within the
confined spaced available. This arrangement of the high-
pressure compressor bypass valve 28 1n the housing 29 or
cover of the high-pressure compressor 24 has the further
advantage that the number of joints and interfaces in the
system as a whole 1s reduced so that the risk of leakage 1s
reduced. Since sealing of the joints 1s difficult to maintain
over the total lifetime of the engine, the rehability of the
engine 1n creased by eliminating some of the interfaces. Addi-
tionally, the number of parts of the engine and the number of
machined surfaces 1s decreased due to the common housing
so that manufacturing costs as well as assembly costs of the
engine are reduced and part quality 1s increased.

The single housing unit 29 also enables the air connection
between the outlet 22 of the low-pressure compressor 19 and
the inlet 43 of the housing 29 to be modified to include a
connection in the form of a pipe 39 which 1s arranged free-
floating at both ends 40, 41. In other words, the interface
between a first end 40 of the pipe 39 and the outlet 22 of the
low-pressure compressor 19 1s free floating and the interface
between the second end 41 of the pipe 39 and the inlet 43 of
the housing 29 1s free floating. The pipe 39 1s also arranged at
two different angles and has a general L-shape. The arrange-
ment of the two different angles as well as the free floating
interfaces improves the tolerance of the pipe 39 to movement
caused by thermal expansion without the use of a flexible
clements such as a tlexible pipe to compensate for thermal
expansion movement.

FI1G. 5 1llustrates a cross-sectional view of the housing 29
and pipe 39 illustrated 1n three-dimensional form 1n FIG. 4.

The housing 29 comprises the bypass duct 27, bypass valve
28 as well as the 1nlet 25 and outlet 26 of the high-pressure
compressor 24. The housing 29 also comprises cutout 46
providing a high-pressure compressor scroll 46 adapted to
accommodate the compressor impeller (not 1llustrated) of the
high-pressure compressor 24. This cutout 46 1s coupled to the
bypass duct 27 by two through holes which provide the high-
pressure compressor inlet 25 and outlet 26, respectively.

The housing 29 further comprises a second cutout 47
adapted to accommodate the first bypass valve 28. The first
bypass valve 28 1s illustrated as a flap valve though other
types of valve may be used. The first bypass valve 28 1s
positioned 1n the bypass duct 27 so that the inlet 25 of the
high-pressure compressor 24 1s upstream and the outlet 26 of
the high-pressure compressor 24 1s downstream of the first
bypass valve 28. When the first bypass valve 28 1s in the
closed position, air 1s directed to the inlet 25 of the high-
pressure compressor 19. When the first bypass valve 28 1s in
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the open position, 1llustrated by the dotted lines, air 1s directed
to the outlet 42 of the bypass duct 27 bypassing the high-
pressure compressor 19.

The pipe 39 extends between the outlet 22 of the low-
pressure compressor 29 and the inlet 43 of the housing 29
which 1s also the inlet to the bypass duct 27.

The interface between the first end 40 of the pipe 39 and the
outlet 22 of the low-pressure compressor 19 1s illustrated 1n
more detail in FIG. 7 and comprises a seal 44 between the
outer surface of the pipe 39 and mner surface of the low-
pressure compressor outlet 22 1n the region of the overlap to
provide a free-floating interface which tolerates movement
between the pipe 39 and low-pressure compressor outlet 22
along the longitudinal axis of the joint.

The interface between the second end 41 of the pipe 39 and
the inlet 43 of the housing 29 1s 1llustrated 1n more detail in
FIG. 6 and also comprises a seal 45 between the outer surface
of the pipe 39 and mnner surface of the inlet 43 1n the region of
the overlap to provide a free-floating interface.

Since the pipe has a general L-shape, the combination of
the two Iree-floating interfaces allows relative movement the
pipe with respect to the low-pressure compressor 19 and
housing 29 to be accommodated 1n two directions which are
generally orthogonal to one another. Movement of the parts
due to thermal expansion may therefore be compensated
without the use of a tlexible pipe.

The engine 11 and the two stage turbocharger system 10
may be operated as follows. FIG. 1 illustrates the condition of
the two bypass valves 28, 35 of the two stage turbocharger
system 10 at low engine speeds and loads, for example below
around 1800 rpm. The high pressure turbine bypass valve 35
1s closed and the high-pressure compressor valve 28 1s closed.
All of the exhaust gas enters the high pressure turbine 23 and
air 1s compressed only by the high-pressure compressor 24
which 1s supplied to the intake manifold 14.

At higher engine speeds and loads, for example between
1800 rpm and 3000 rpm, illustrated 1 FIG. 2, the high-
pressure turbine bypass valve 35 1s partially opened whilst the
high-pressure compressor bypass valve 28 remains closed.
Exhaust gas drives both the low-pressure turbine 18 and high
pressure turbine 23. The large low-pressure compressor 19
pre-compresses the fresh air which 1s directed into the inlet 25
of the high-compressor compressor 24 where 1t 1s further
compressed before entering the intake manifold 14.

At even higher engine speeds and loads, for example over
3000 rpm, illustrated in FIG. 3, the high-pressure turbine
bypass valve 35 is fully opened and the high-pressure com-
pressor valve 28 opened. Exhaust gas 1s directed only to the
larger low-pressure turbine 18. Only the low-pressure com-
pressor 19 compresses the intake air which 1s directed
towards the intake manifold 14 via the bypass duct 27. Sub-
stantially no air enters the high-pressure compressor 23.

The bypass valves 28, 35 are operated 1n response to,
among other parameters, the engine speed by an engine man-
agement system 100.

While at least one exemplary embodiment has been pre-
sented 1n the foregoing detailed description of the mnvention,
it should be appreciated that a vast number of variations exist.
It should also be appreciated that the exemplary embodiment
or exemplary embodiments are only examples, and are not
intended to limat the scope, applicability, or configuration of
the mvention in any way. Rather, the foregoing detailed
description will provide those skilled 1n the art with a conve-
nient road map for implementing an exemplary embodiment
of the invention, it being understood that various changes may
be made in the function and arrangement of elements
described 1 an exemplary embodiment without departing
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from the scope of the invention as set forth in the appended
claims and their legal equivalents.

What 1s claimed 1s:

1. An arrangement of a two stage turbocharger system for
an internal combustion engine comprising an intake manifold
and an exhaust manifold, comprising:

a low-pressure turbocharger comprising a low-pressure

turbine and a low-pressure compressor;

a high-pressure turbocharger comprising a high-pressure
turbine and a high-pressure compressor;

a bypass duct 1n flow communication with an outlet of the
low-pressure compressor and with an inlet of the high-
pressure compressor and with an outlet of the high-
pressure compressor and with an inlet of the intake
manifold, the bypass duct comprising a bypass valve for
opening and closing the bypass duct;

a common housing, wherein the bypass valve and the high-
pressure compressor are each integrated within the com-
mon housing; and

a pipe, wherein the outlet of the low-pressure compressor 1s
coupled to a first end of the pipe by a first free-tloating
interface and the inlet of the high-pressure compressor 1s
coupled to a second end of the pipe by a second free
floating interface, wherein the first free-tfloating inter-
face 1s orthogonal to the second free-floating interface.

2. The arrangement according to claim 1, wherein air 1s
directed from the outlet of the low-pressure compressor to the
inlet of the high-pressure compressor and from the outlet of
the high-pressure compressor to the inlet of the intake mani-
fold when the bypass valve 1s 1n a closed position.

3. The arrangement according to claim 1, wherein the air 1s
directed from the outlet of the low-pressure compressor to the
inlet of the intake manitfold when the bypass valve 1s 1n an
open position.

4. The arrangement according to claim 3, wherein substan-
tially no air 1s directed through the high-pressure compressor
when the bypass valve 1s 1n the open position.

5. The arrangement according to claim 1, wherein the
common housing further comprises the bypass duct, the
bypass duct comprising:

an 1nlet being 1n flow communication with the outlet of the
low-pressure compressor;

an outlet being 1n flow communication with the 1nlet of the
intake manifold; and

5

10

15

20

25

30

35

40

10

the bypass valve being positioned between the inlet and the

outlet,

wherein the inlet of the high-pressure compressor 1s 1n flow

communication with the bypass duct upstream of the
bypass valve and the outlet of the high-pressure com-
pressor 1s 1n flow communication with the bypass duct
downstream of the bypass valve.

6. The arrangement according to claim 5, wherein the inlet
of the bypass duct 1s generally orthogonal to the inlet of the
high-pressure compressor.

7. The arrangement according to claim 5, wherein the inlet
of the bypass duct 1s generally orthogonal to the outlet of the
high-pressure compressor.

8. The arrangement according to claim 5, wherein the
common housing further comprises an additional outlet, the
additional outlet being the outlet of the high-pressure com-
Pressor.

9. The arrangement according to claim 8, wherein the
additional outlet 1s 1n flow communication with the first outlet
within the common housing.

10. The arrangement according to claim 8, wherein the
additional outlet 1s separate from the outlet within the com-
mon housing.

11. The arrangement according to claim 1, wherein the
bypass valve 1s pneumatically actuated or electrically actu-
ated or hydraulically actuated.

12. The arrangement according to claim 1, wherein the
bypass valve 1s controllable 1n response to parameters com-
prising at least one of engine speed and engine load.

13. The arrangement according to claim 1, wherein the
common housing, the bypass duct, and the inlet of the high-
pressure compressor are provided as a single piece.

14. The arrangement according to claim 1, wherein the
common housing comprises aluminium.

15. The arrangement according to claim 1, wherein the first
free tloating interface and the second free floating interface
are adapted to accommodate movement between the pipe and
the outlet of the low-pressure compressor and the 1nlet of the
high-pressure compressor in at least first and second orthogo-
nal directions, and wherein the first free tloating interface 1s
configured to accommodate rotational movement in a plane
defined by the first and second orthogonal directions.

16. The arrangement according to claim 1, wherein the pipe
1s rigid.
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